Summary. Sodium aurothiomalate, a low molecular weight inhibitor of hyaluronidase, blocked in-vitro fertilization in hamsters at the level of the zona pellucida: concentrations of 25\p=n-\250 pg inhibitor/ml prevented fertilization of cumulus-intact and cumulus-denuded eggs. Fertilization of zona-free ova was not affected. In-vivo fertilization was also reduced (from 100% in controls to 37\m=.\5%)by 10 mg inhibitor/ml added to an epididymal sperm suspension before artificial insemination into the uterus. These findings suggest that hyaluronidase may play a role in zona penetration or that sodium aurothiomalate blocks sperm penetration of the zona by inhibiting an enzyme(s) other than hyaluronidase.
Introduction
Following the discovery that the acrosomal enzyme hyaluronidase disperses the cumulus cells of mammalian eggs in vitro (McClean & Rowlands, 1942) , it was proposed that the role of this enzyme in fertilization is to facilitate passage of the spermatozoon through the hyaluronic acid matrix of the cumulus (Austin, 1948) . It is now generally accepted that hyaluronidase plays an essential role in fertilization in vivo in most mammalian species, although definitive proof has been lacking. If this is indeed the case, inhibitors of hyaluronidase should prevent fertilization.
Several high molecular weight hyaluronidase inhibitors have been tested for their potential as contraceptive agents (see review by Zaneveld, 1976) . Nitrated hyaluronic acid delayed the dispersion in vitro of rabbit cumulus by fresh rabbit semen and reduced fertilization in vivo when added to spermatozoa before vaginal insemination (Pincus, Pirie & Chang, 1948) . Phosphorylated hesperidin reduced fertility when administered systemically to rats (Martin & Beiler, 1952) and orally to men and women (Sieve, 1952) . However, subsequent experiments the hamster. Sodium aurothiomalate was selected for study because it has been shown to inhibit testicular (but not serum) hyaluronidase (Caygill & Ali, 1969) , it has a low molecular weight of only 390 making it easily taken up by the spermatozoon, and it is already approved by the FDA for the treatment of arthritis (Levinson, Balz & Bondi, 1977) .
Materials and Methods

In-vitro fertilization experiments
Hamster spermatozoa were capacitated in a system containing heat-treated human serum (Yanagimachi, 1970a) . One epididymis was surgically removed from an adult male golden hamster (aged 2-7 months) and spermatozoa from the cauda were gently expressed into 1 · 5 ml modified Tyrode's buffer (126 mM-NaCl; 2-68 mM-KCl; 1-8 mM-CaCl2; 0-49 mM-MgCl2; 0-36 mM-NaH2P04; 11-9 mM-NaHC03; 5-56 mM-glucose; 1-0 mM-sodium pyruvate; 10 mM-sodium lactate) supplemented with 3 mg bovine serum albumin (fraction V, Sigma, St Louis, Missouri)/ ml and 100 i.u. pencillin G (Sigma)/ml. A 0-05 ml aliquot of this sperm suspension was added to polypropylene culture tubes (Falcon, Oxnard, California) containing 0-20 ml human serum (heat-pretreated at 56°C for 1 h) and 0-25 ml buffer to give a final volume of 0-50 ml and a final concentration of 5-10 IO6 spermatozoa/ml. The tubes were capped and placed horizontally in an air incubator at 37°C. At hourly intervals small aliquots (0-02 ml) were removed and examined by phase-contrast microscopy at 100 for estimation of the percentage of motile spermatozoa and the quality of motility. Quality of motility was based on a subjective scale of 0 (non-motile) to 10 (highly motile). The (Yanagimachi, 1970b) (Snedecor & Cochran, 1967) . Differences were considered significant at the level of < 0-05 using a two-tailed t test.
Cumulus dispersion experiments
The time required for dispersion of hamster cumulus has been shown to be an accurate bioassay for hyaluronidase activity (Talbot & Franklin, 1974 (Table 3) . 
In-vivo experiments
At a final concentration of 10 mg/ml, sodium aurothiomalate caused a reduction of fertility in 7 females tested. Only 37-5% (18/48) of the eggs recovered from the treated horn were fertilized compared with 100% (39/39) of the eggs recovered from the control oviducts. At concentrations of 5 mg inhibitor/ml or lower, there was no inhibitory effect. The survival of the spermatozoa at the time of insemination was not affected by sodium aurothiomalate at these concentrations.
Discussion
Sodium aurothiomalate, a synthetic hyaluronidase inhibitor, reduced hamster fertilization when tested in vitro and in vivo. The expected mode of action of a hyaluronidase inhibitor, namely prevention of cumulus penetration by the spermatozoa, was apparently not the mechanism by which sodium aurothiomalate inhibited fertilization in the in-vitro experiments. The concentrations of the drug which inhibited fertilization in vitro (25-250 pg/ml) were not sufficient to prevent cumulus dispersion by the spermatozoa and fertilization was inhibited whether or not the eggs were in cumulus. Since zona-free ova were readily fertilized by inhibitor-treated spermatozoa, the drug does not appear to impede fusion of the spermatozoa with the vitelline membrane. The action of sodium aurothiomalate therefore seems to be at the level of the zona pellucida.
These findings were unexpected. Theoretically, a hyaluronidase inhibitor should prevent cumulus penetration without affecting zona penetration. In fact this was the case when sodium aurothiomalate was tested in a mouse in-vitro fertilization system (Reddy, Stark & Zaneveld, 1978; Reddy, Joyce & Zaneveld, 1980 (Reddy et al, 1980) . The effect of the drug on hamster acrosin has not been reported but since studies with various acrosin inhibitors show that acrosin has similar properties in all species tested, it is unlikely that sodium aurothiomalate inhibits hamster acrosin. Also, if sodium aurothiomalate inhibited hamster acrosin, it would be expected to inhibit the acrosome reaction since other acrosin inhibitors do so (Lui & Meizel, 1979) , but this did not occur.
Sodium aurothiomalate has been shown to inhibit ß-N-acetylglucosaminidase and ß-glucuronidase although to a lesser extent than it inhibits testicular hyaluronidase (Ghosh, Stephens & Taylor, 1975) . A possible role for ß-N-acetylglucosaminidase in zona penetration is suggested by a report that this enzyme is located on the inner acrosomal membrane of buffalo and goat spermatozoa (Siri, Simrat, Chaudhry, Anand & Kaur, 1977 
